In this paper, the Modified Technique for Order Preference by Similarity to the Ideal Solution (M-TOPSIS) model has been extended into the intuitionistic fuzzy environment. By applying the improved score function first, to represent the aggregated effect of positive and negative evaluations in the performance ratings of the alternatives based on interval-valued intuitionistic fuzzy set (IVIFS) data and in combination with the weighted normalized Euclidean distance for the computation of the separation measures of alternative(s) for the intuitionistic positive and negative ideal solutions. The two methods which have been used for the computation of the separation measure have been integrated using a new reflection defuzzification integration formula which has been introduced in this study. To prove the efficacy of the proposed model, the model have been applied for the evaluation and selection design concept for a new printed circuit board (PCB), and for a modified hypothetical example which is based on the selection of a preferred Naval vessel as a reference for a new design.
Introduction
In solving multi-criteria decision-making (MCDM) problems, such as in equipment selection, material selection and in the evaluation of process performance etc., it is required that several factors/criteria are considered simultaneously before selecting or ranking alternatives. The Decision-Makers (DMs), preferred alternative(s) are chosen by providing the preference information in the form of exact numerical values, interval values (Joshi & Kumar, 2014) or in the form of linguistic variables (Nguyen, Dawal, Nukman, Aoyama, & Case, 2015) . However, according to Hosseininasab & Dehghanbaghi, (Hosseininasab & Dehghanbaghi, 2015) such preferences information's are often characterized by ambiguity due to vagueness and uncertainty. This ambiguity due to vagueness and uncertainty has remained one of the big challenges for DMs during the last several years and this has resulted in more and more interest in the topic from researchers.
In handling vagueness and uncertainty issues, Zadeh (Zadeh, 1965) , who introduced the concept of fuzzy set theory, has outlined how the fuzzy set concept could be used for characterizing complex systems and decision-making problems. This breakthrough resulted in the extension of the different MCDM techniques in fuzzy environment. One of such extension includes; the fuzzy technique for order preference by similarity to ideal solution (fuzzy-TOPSIS) which was developed by Hwang and Yoon in 1981 (Hwang C. L. & Yoon K., 1981). The fuzzy-TO PSIS model which is one of the most widely used MCDM methods and has found application in several fields with much-reported works on its applications. Some of the fields of studies identified include; Accounting (Bulgurcu, 2012) However, due to some of its limitation, many different improvement and modifications have been proposed and applied in recent years, prominently among this improvement include the M-TOPSIS model by Ren et al., in 2007 (Ren, Zhang, Wang, & Sun, 2007 . M-TOPSIS which is an abbreviation of Modified Technique for Order Preference by Similarity to the Ideal Solution was presented to meet the need for a better and simpler approach with special regard to the TOPSIS rankings. It creates an understanding of the inherent relationship between the Relative closeness (R) value and alternative evaluation. The M-TOPSIS method is "described as the process of calculating the distance between the alternatives and the reference points in the D+D−-plane by constructing the R value to evaluate the quality of the alternative" (Ren et al., 2007 ) (see figure 1) . The M-TOPSIS method is unique for its ability to solve ranking reversal issue which is one of the drawbacks of the TOPSIS model and to evaluate failure when alternatives are symmetrical.
In 1986, Atanassov extended the fuzzy set theory to form a new theory called intuitionistic fuzzy set (IFS) theory (Atanassov, 1986) . Unlike the traditional fuzzy set theory, the IFS theory is characterized by a membership function and a non-membership function. According to Datta et (Xu, Member, & Liao, 2013 ) has described three (3) benefits of applying IFS theory in practice to include; (1) IFSs are able to model unknown information using hesitation degree, that is in a situation where the DMs are not sure about the preferences of an alternative(s), the IFS theory method is most suitable to represent the opinions of the experts as compared to the fuzzy sets. (2) It represents three grades of membership function which include membership degree, non-membership degree, and hesitancy degree, and (3) all fuzzy numbers in the IFS theory can all be used to represent vagueness of "agreement" but, cannot depict the "disagreement" of the DMs however. Hence, the IFS can be said to consider opinions from three sides to arrive at preferred one. Extensive literature review show that the application of IFS in MCDM problems has increased significantly over the past few years, with many research literature published both on the theoretical and practical aspects of its applications (Bai, 2013 Liu & Ren, 2014; Xu, 2014) , where this is due to the fact that IFS are more capable than the traditional fuzzy sets at handling vagueness and uncertainty information in practice as stated above.
In summary, this paper extends the Modified Technique for Order Preference by Similarity to the Ideal Solution (M-TOPSIS) model for an intuitionistic fuzzy environment by implementing partly the intuitionistic algorithm proposed by Bai, (Bai, 2013) , which uses improved score function for the separation measures of alternative(s) for the positive and negative ideal solutions. In improving the result and to avoid the bias of using a single separation distance measure or the confusion in determining the specific separation distance measure that is fittest which is almost becoming a decision-making problem itself, due to the many methods approaches available. This study will be exploring the application of an additional distance method (the weighted normalized Euclidean distance). The result from the improved score function method application is made robust by integrating it with the weighted normalized Euclidean distance method using a new reflection defuzzification integration formula.
The relative importance of the criteria used in this study has been determined using the fuzzy Delphi (FD) method, by expressing the collected values in Triangular Fuzzy Number; however other values are collected and expressed in Interval-valued intuitionistic fuzzy numbers.
The proposed integrated fuzzy Delphi method and Interval-valued Intuitionistic fuzzy MTOPSIS (IVIF-MTOPSIS) model has been applied to a real life case study by evaluating and selecting the best design concept for a new printed circuit board (PCB) and for a modified hypothetical example which is based on the selection of a preferred Naval vessel as a reference for a new design.
The rest of the paper is organized as follows; Section 2 briefly presents the concept of IVIFS and the FD method. The IVIF-MTOPSIS model is presented in section 3. In section 4, a real case study and a modified hypothetical example originally presented by Ye, (Ye, 2009 ) is applied to demonstrate the proposed method and to compared the result of the model. Finally in section 5, the conclusion is presented.
Preliminaries
In this section, the fundamental definitions and concepts of IVIFS as described by Bai (Bai, 2013 ) is presented. The intervals ( ) and ( ) denote, respectively, the degree of membership and nonmembership of the element x to the set A. Thus, for each ∈ the intervals ( ) and ( ) are closed and their lower and upper end points are denoted by ( ), ( ), ( ) and ( )respectively. We can denote the set as;
Interval-valued Intuitionistic Fuzzy Set
where
For each element x, we can compute the unknown degree (hesitancy degree) of an intuitionistic fuzzy interval of ∈ in A which is defined as follows:
However, if ( ) = ( ) = ( ) and ( ) = ( ) = ( ), then the given IVIFS A is reduced to an ordinary IFS. For convenience, the IVIFS can also be expressed as =
([ , ], [ , ]).
In order to make comparisons between two IVIFSs, metric methods have been introduced by several researchers (Li, 2010) (Ye, 2009 ), however, in this study we will be concern with the improved score function originally proposed by Bai (Bai, 2013) , for the ranking, and the representation of the aggregated effect of positive and negative evaluations in the performance ratings of the alternatives based on IVIFS data in the M-TOPSIS model. The computation formula for the improved score function is given as;
When a = b and c = d, the IVIFS will degenerate to the IFS while the improved score function of IVIFS will degenerate to the score function of IFS proposed by Ye, (Ye, 2009).
Fuzzy Delphi (FD) Method
The Fuzzy Delphi (FD) method which is an extension of the traditional Delphi method was proposed by Ishikawa et al., (Ishikawa et al., 1993) to improve and handle vagueness and uncertainties in its application. The FD method which integrates expert's opinions with fuzzy numbers by using the concepts of cumulative frequency distribution and fuzzy integral to handle the ambiguities due to the differences in the meanings and understanding of the experts' opinions and estimates (Wu, 2010) , can be called a collective decision-making method (Linstone & Turoff, 2002 In an attempt to handle the many uncertainties in the expert's opinions several approaches has been adopted including the use of triangular fuzzy number, Gaussian fuzzy number, trapezoidal fuzzy number and triangular membership function (Hsu et al., 2010) . However, in this study, the Triangular Fuzzy Number is applied. The FD method is used to determine the weight of the criteria in this study and its algorithm is given below.
Algorithm of the FD Method and the IVIF-MTOPSIS Model
In this section, the algorithm for the proposed integrated model is concisely expressed using the stepwise procedure. The implementation steps which is partly from (Bai, 2013) algorithm has been modified to suit the present study. The schematic diagram of the proposed integrated model is shown in Fig 1 below. Step 1. Set up a group of Decision Makers (DMs). With their opinion construct the interval-valued intuitionistic fuzzy decision matrix (D) of the alternatives ( ) with respect to the criteria ( ), using linguistic variables and the interval-valued intuitionistic fuzzy number (IVIFN) (see Table 1 ) Step 2. Convert the interval-valued fuzzy decision matrix ( ) to the improved score matrix ( ( )). The main purpose of this step is to represent the aggregated effect of positive and negative evaluations in the performance ratings of the alternatives based on interval-valued intuitionistic fuzzy set (IVIFS) data as given by the DMs.
Step 3. Determine the weight of each of the evaluating criteria using the FD method. This is achieved by first collecting opinions of the decision group concerning the criteria, using linguistic variables and then converts to the TFN. 
Finally, the result is defuzzified using center of gravity method;
Step 4 
Integrate the results from the two methods
Rank the design concept alternatives and select the best Step 5. Compute the score function-based separation measures ( + ( + , ) and ( − ( − , ) for each alternative from the positive ideal and negative ideal solutions using the equation (11) and (12), also for the weighted normalized Euclidean distance method, the separation measures is calculated for ( + ( + , ) and ( − ( − , ) in intuitionistic fuzzy environment as shown respectively in the equations (13) and (14) (Wang & Li, 2012) below.
Similarly,
Where
Step 6. To combine the distance separation measure proposed in this study, the new reflection defuzzification integration formula is applied as shown in equation (15) and (16) 
where 1 + 2 = 1
Step 7. 
Step 8. Rank the preference order.
Application of the Proposed Model
In this section, we demonstrate the computational process of the Fuzzy Delphi and Interval-Valued Intuitionistic Fuzzy M-TOPSIS algorithm proposed herein, by using a real case study for case 1 and a hypothetical example for case 2, this is mainly to compare the effectiveness of the model.
Case 1. An electronic related manufacturing company located around Pekan area
Malaysia needed to select a preferred printed circuit board (PCB) from a group of candidates; A1, A2, A3 and A4 as a reference PCB for a new design. A group of three experts from the product development unit, manufacturing, and management within the company i.e. E1, E2, and E3 was tasked to determine the most appropriate PCB design from the candidates with respect to following twelve (12) Using the assessment report from the three experts, we implement the proposed FD method and the Interval-Valued Intuitionistic Fuzzy M-TOPSIS model. Summary of the implementation is given below.
Step 1: Construct the interval-valued intuitionistic fuzzy decision matrix; the study uses the linguistic variables in Table 1 and then the interval-valued intuitionistic fuzzy number to express the ratings of the four concepts Ai with respect to each of the twelve criteria Cj to form the interval-valued intuitionistic fuzzy decision matrix ( ) as shown in Table 2 & 3. Step 2: Using the improved score function (equation (3)) the interval-valued intuitionistic fuzzy decision matrix ( ) is converted to the improved score matrix ( ( )) (i.e. equation (10)) as show in the Table 4 . Also, by following the implementation procedure for the Fuzzy Delphi method, the weights of the criteria are determined. The results for criteria weights are shown in Table 5 . C1  C2  C3  C4  C5  C6  C7  C8  C9  C10  C11 Step 3: By using equation (11) and (12), we can compute ( + ( + , ) and ( − ( − , ) ( = 1,2,3,4) for the score function-based approach and the final result is as follows; Step 4: Upon using the new reflection defuzzification integration formula in equation (15) and (16) Step 5: Finally, the results for the relative closeness , ( = 1,2,3,4) to the ideal solution which is calculated using equation (17) is given as 1 = 0.023, 2 = 0.053, 3 = 0.029, and 4 = 0.017, therefore the ranking orders for the four candidates are in the form (increasing order) 4 < 1 < 3 < 2 ), obviously, 4 is the best candidate according to the model. Let us consider a decision-making problem for the selecting a preferred Naval vessel from a group of candidates; S1, S2, S3 and S4 as a reference for a new design. The expert has to make a decision according to the following, Performance (C1), Economy (C2) and Appearance (C3) (Xie et al., 2008) . The weights of the criteria are = {0.35, 0.25, 0.40} .
Table 2: Expert's ratings with Linguistic terms
The preferred car is to be evaluated using the interval-valued intuitionistic fuzzy M-TOPSIS algorithm with respect to the above criteria. Following the implementation step for the interval-valued intuitionistic fuzzy M-TOPSIS model, the interval-valued intuitionistic fuzzy decision matrix decision matrix ( ) is determined, then the improved score matrix ( ( )). Finally, the results for the relative closeness , ( = 1,2,3,4) to the ideal solution is given as 1 = 0.548, 2 = 0.024, 3 = 0.208, and 4 = 0.097, therefore the ranking orders for the four candidates are in the form 2 < 4 < 3 < 1 , where alternative 2 is adjudged to be the best candidate and is in agreement with the result in (Ye, 2009 ) as shown in Table 6 . Also the result has been compared with the traditional TOPSIS model. 
Conclusions
This paper presents a reliable, easy and a more objective approach for ranking and determining preference in a multi-criteria decision-making problem, by extending the Modified Technique for Order Preference by Similarity to the Ideal Solution (M-TOPSIS) model into the intuitionistic fuzzy environment. The study has applied the improved score function matrix, first to represent the aggregated effect of positive and negative evaluations in the performance ratings of the alternatives based on intervalvalued intuitionistic fuzzy set (IVIFS) data and in combination with the weighted normalized Euclidean distance method for the computation of the separation measures of alternative(s) for the intuitionistic positive and negative ideal solutions. While the criteria weight have been determined using the fuzzy Delphi (FD) method.
The proposed integrated fuzzy Delphi method and Interval-valued Intuitionistic fuzzy MTOPSIS (IVIF-MTOPSIS) model has been applied to a real life case study, for the evaluation and selection design concept for a new printed circuit board (PCB), and for a hypothetical example which is based on the selection of a preferred Naval vessel as a reference for a new design.
The result from this study, is hope to serve as an advisory system and a guide for decision makers, business organizations, industry managers etc. planning to select new design concepts, select business partners, and equipment suppliers as well as in the evaluation of current practices and status. Finally, in the future, we hope to apply the proposed model to other domains.
